Professor ofBacteriology, University ofLondon IT 1S the privilege of an opening speaker to range at will over the broader aspects of a subject, defining its scope and re-stating a good deal of common knowledge about it. He may leave it-at least I hope I may-to those who follow him to add something original and more interesting about its individual aspects. I must confess that my chief interest in antibiotics is in an aspect of their
activity which is specifically excluded from our subject, and I do not claim to be an authority on any other. I need hardly remind you that the ideal chemotherapeutic agent is a drug which has no action on the body whatever. Thousands of antibiotics are known, many of them with high degrees of antimicrobic activity, and the fact that only about nine are in general clinical use is explained by the. toxicity of the remainder, i.e. their damaging action on various organs and tissues. This is not to, say that even those nine are entirely free from toxicity, and this is the first of five kinds of effect other than specifically antimicrobic, which it is necessary to consider.
Penicillin is the only antibiotic, and indeed the only chemotherapeutic agent of any kind, which is entirely non-toxic. Its administration is not free from risk but reactions to it occur only in sensitized individuals, which is a rather different matter. Of the remainder streptomycin has a peculiar selective action on the VIII nerve, producing either vertigo or deafness or both, chloramphenicol can produce bone marrow aplasia, Aureomycin or terramycin in excessive doses damages the liver, and bacitracin and to a lesser extent polymyxin damage the kidney. It is interesting that antibiotics have now been found and brought into general use which attack all the body tissues most susceptible to attack by drugs of other quite different kinds. I confess I am quite unaware whether such effects have been encountered in veterinary medicine, but I should suppose that in larger animals at least it is rarely feasible to give any drug in sufficient doses or for long enough to produce them. I should imagine that reactions due to sensitization are also rarely seen in animals, since very extensive use precedes their appearance. The most serious of these, oddly enough, are produced by penicillin, and many fatalities are now on record, death having occurred from what appears to be anaphylactic shock. Such patients have invariably been given the drug before, and it may be presumed that they are sensitized to it in the true sense of having formed a specific antibody. If so, penicillin must function as a haptene, and it is well known that during administration much of the circulating drug is combined with plasma protein. On the other hand, the rapid development of this shock-like state would seem to require rapid absorption, and in fact a majority of these reactions have been caused by slowly absorbed preparations, chiefly of procaine penicillin. The possibility of such reactions has become a powerful argument against indiscriminate use. Sensitization to other antibiotics is possible, although it rarely has such serious effects, and is only likely to prevent adniinistration when the route is parenteral: streptomycin is thus the only other commonly used drug liable to cause serious trouble. A peculiar and very disabling form of streptomycin sensitivity is that seen in nurses who contaminate their hands and faces with the solution when giving injections. Deliberate application to the skin therapeutically is particularly liable to sensitize whether antibiotics or sulphonamides are used. There is now, consequently, a tendency to avoid for this purpose the main antibiotics which are used systemically and to substitute some other with an adequate local effect, although perhaps unsuitable for systemic use. Neomycin, for example, has a similar antibacterial action to that of streptomycin but is distinct from it as a sensitizing agent; it can therefore be applied locally-and has in fact been extensively used in dermatology-without fear of creating difficulties should the patient have subsequently to be given streptomycin by injection.
All the other undesirable effects of antibiotic treatment of which I am aware are due to action on bacteria other than those causing the infection which is being treated. Suppression of the bowel flora, as by Aureomycin or terramycin, will eventually interfere with vitamin synthesis, particularly that of nicotinamide. This can always be remedied by supplying the necessary vitamins. A much more serious consequence, not so easily remedied, is the development of a superinfection, i.e a new infection resistant to the drug being used. There are four possible explanations of this occurrence. SEPT.
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It was first described years ago in connexion with the use of penicillin: a patient with a pneumococcal pneumonia would do well at first, then relapse, and be found to have sputum full of H. influenza.
The probability is that the second and more resistant organism had been there from the first and was merely unaffected by the treatment. . The superinfectigns we are seeing now are produced either by the newer "broad -spectrum" antibiotics or by penicillin and streptomycin used together; the effect of full doses of these drugs, particularly the former, is to suppress most of the normal flora of the mouth, upper air passages and intestinal tract. The-consequence of this may be an infection involving any of these areas, and sometimes the bronchi 'and lungs, due to an antibiotic-resistant Staph. pyogenes, or Candida albicans, or both. .A peculiar form of this infection, only recently recognized, is a very acute staphylococcal enteritis, which may be fatal.
My three remaining explanations refer to these conditions. There is the obvious one that suppression of the normal flora creates a microbic vacuum which any opportunist can fill. It is also likely that the normal balance is partly maintained by antibiosis; several of the commonest normal inhabitants of the alimentary tract are known to form antibiotics themselves. Thirdly there is the possibility that the drug in use directly stimulates resistant species. There is abundant evidence that sub-inhibitory concentrations of various antibacterial substances, including antibiotics, can accelerate bacterial growth. How important this effect is clinically we do not know. It is atleast worthy of further attention, and I ventured to suggest some years ago that the alleged stimulation of Myco. tuberculosis by, penicillin might mean that the use of this drug-for some other indication, of course-in tuberculosis is inadvisable. One possible-illustration of this is the reported development of severe tuberculous mastitis after injection of penicillin into the teat canal. Was this due'simply to the,transfer of tubercle bacilli from other cows, or did penicillin activate a previously latent infection?
Lastly, the one beneficial effect of antibiotics apart from their main use is their growth-promoting effect when antibiotic residues or small amounts of the drugs themselves are added to the diet of young stock. The nature of this effect seems not yet to be fully understood, but two factors, apparently, may contribute. One is the suppression of infection by unrecognized pathogens, the other a-n alteration in the balance of the intestinal flora, favouring the synthesis of some possibly unknown growth factor. The Gro promotng Effect of Antibiotics and their Possible Modes of Action The original work was confirmed when Stokstad and Juices (1950) showed that pure Aureomycin Hydrochloride would increase the rate of growth of the young chick. Similar results were reported in the pig (Jukes et al., 1950) and were amply confirmed by many other workers (reviewed by Braude et al., 1953) . In this country extensive pig-feeding trials using Aureomycin and penicillin were organized by the Agricultural Research Council and served to confirm in general the American findings (A.R.C. Report Series No. 13, 1953; Gordon and Taylor, 1953) . The optimum dose rate is at present being ascertained but it is generally considered to be between 4 and 20 parts per million (p.p.m.) in the fpod. The chicken may benefit from as little as 2 p.p.m. of penicillin.
A great deal of literature on the subject has appeared since 1950 and it is only possible in this short contribution to mention a few points of special interest. The subject has been comprehensively reviewed by Jukes and Williams (1953) and Stokstad (1954) .
There is now overwhelming evidence to show that a wide range of antibiotics when fed in very small quantities will increase the growth rate and efficiency of food conversion of many species, including man. Several workers have shown a marked increase in growth and survival rate of premature infants (Snelling andJohnson, 1952; Robinson, 1952) and Carter(1954) is obtaining a remarkable growth response and reduction in disease level of children fed 75 mg. Aureomycin twice daily.
Of the many hypotheses on the mode of action of antibiotics in stimulating growth, none, so far, provides a complete explanation of many observations which have been made. It can be seen from Table I that we are considering a phenomenon in which the "normal" organism, whether it be mammal, bird, or plant, can benefit from a group of substances whose only common characteristic as far as we know, is the ability to kill, or depress the growth of certain micro-organisms. There is good evidence to suggest that it is this characteristic of the antibiotics that is responsible for the phenomenon that we are studying. The fundamental study of "germ-free" life at the Lobund Institute clearly shows that the "germ-free" animal derives no benefit from an antibiotic supplement, but will grow as fast as a conventional animal receiving such a supplement (Luckey, 1952) . This
